Our finding' that heat-denatured DNA functions as a hapten when complexed to methylated bovine serum albumin (MBSA) as an immunological carrier prompted the use of this method in an attempt to produce antibodies against RNA. Use of sRNA was based upon the possibility that the specificity of a given sRNA for a particular amino acid might be associated with antigenic specificity, in which case availability of antibodies against individual amino acid-specific sRNA's might provide an additional means of relating function of sRNA to its structure. Barbu et al.2 have reported the use of bacterial ribosomes as a means of producing RNA-specific antibodies, but did not mention any specificity of these antibodies for sRNA. Sela et al. 3 used uridine coupled chemically to a synthetic polypeptide as an immunogen to produce uridine-specific antibodies capable of reacting with RNA. Such antibodies, however, would not be expected to distinguish between different sRNA's because of their specificity for a single nucleoside. Erlanger and Beiser4 immunized rabbits with ribonucleosides and ribonucleotides coupled chemically to bovine serum albumin. The antibodies formed were specific for the ribonucleosides and ribonucleotides but were unreactive with RNA.
Materials and Methods.-Materials: The yeast sRNA preparation used for immunization was furnished by Dr. T. Yamane, Princeton University, and contained a mixture of the various amino acid-specific sRNA's. In these initial experiments no attempt was made to separate the sRNA's because the immediate objective was to determine the feasibility of producing RNA-specific antibody through the use of MBSA as a carrier. MBSA was prepared from crystalline bovine serum albumin according to Sueoka and Cheng.0 Complete Freund's adjuvant used for immunization was obtained from the Difco Co., Detroit, Michigan. The complement (C') used for the assay of antisera by C'-fixation was a pool of normal guinea pig sera. Sheep blood was obtained at a local slaughterhouse, and sensitized erythrocytes for C'-fixation were prepared according to Plescia et al.6 The procedure for C'-fixation was described previously. Each rabbit received a total of 1 mg sRNA in three injections at weekly intervals and was bled one week after the last injection. Since some of the C'-fixing antibodies found in these sera reacted with antigens that did not complex with MBSA (these being presumably non-RNA constituents of the immunizing preparation), the rabbits were reimmunized 2 months later. This second course consisted of three weekly injections of MBSA-RNA complexes that had been separated from and washed free of soluble antigens that did not complex with MBSA. The rabbits were bled by cardiac puncture 7 days after the last injection, and the sera containing primarily C'-fixing antibodies to antigens that complexed with MBSA, were used to obtain the results summarized in this report.
Results.-Reactivity of antisera to yeast sRNA: The antisera were analyzed for C'-fixing antibodies against homologous yeast sRNA, a highly purified sRNA derived from a commercial yeast preparation, E. coli sRNA, and a synthetic polyribonucleotide. Representative results with one serum are shown in Figure 1 . fixed, is proportional to the amount of reactive antibody in the antiserum added (0.1 ml diluted 1 -100). The same amount of antiserum was used for the reactions shown in Figs. 2 
and 4.
A positive reaction was obtained with each polynucleotide. The curves for the reaction with the yeast preparations were superimposable, indicating antigenic identity. However, the amount of E. coli sRNA required for maximal C'-fixation was less than that for yeast sRNA, perhaps owing to differences in the extent of in-tramolecular H-bonding and hence the number of reactive nucleotide groups. The cross-reactions observed are very much like those between DNA-specific antibodies and heterologous DNA's1 and are an indication that the specificity of these antisera is for nucleotides commonly found in all nucleic acids. The commercial preparation of yeast sRNA used in this analysis had been purified so that no trace of amino acids or sugars other than D-ribose, a constituent of RNA, could be detected in its hydrolysate by paper chromatography. This provides additional evidence of the specificity for nucleotides, as does also the cross-reaction of the synthetic polyuridylate preparation.
Cross-reactions with autologous RNA: The finding that yeast sRNA antisera cross-reacted with heterologous polyribonucleotides raised the question as to whether RNA from rabbit tissues might also cross-react. Preparations of soluble RNA were made from lung, spleen, liver, and kidney by the method of Kirby8 and tested as reactive antigens. Figure 2 shows that they did react, particularly RNA from spleen and lung. Evidently complexes of yeast sRNA-MBSA induced rabbits to synthesize antibodies capable of reacting, at least in vitro, with RNA of their own tissues. In this sense, these antibodies might be classified as autoantibodies. If induced by autologous RNA, the immune response would represent a true autoimmune reaction. This aspect is receiving further attention because of its relevance to the general problem of antibody formation.
Monoribonucleotides as inhibitors: The cross-reactivity of antisera to yeast sRNA with heterologous RNA's provided presumptive evidence for its specificity for RNA. For more direct evidence, the four ribonucleotides common to RNA were tested as inhibitors of C'-fixation between the antiserum and highly purified sRNA derived from a commercial yeast preparation. Each ribonucleotide inhibited the reaction (Fig. 3) , an indication that all four nucleotides are involved in the specificity. However, none of the ribonucleotides inhibited completely, and the amount abortws; A, rabbit lung. required for maximum inhibition was relatively large compared to the amount of polynucleotide required for C'-fixation. Antibodies to RNA are therefore presumably specific for groups or sequences of nucleotides. Determination of the length and composition of these antigenically reactive groups of nucleotides is under way.
Cross-reactions with DNA: Sela et al.3 and Erlanger and Beiser4 reported that riboside-specific antibodies reacted with DNA. We therefore tested our antiserum for C'-fixing antibodies reactive with heat-denatured DNA from calf thymus, Brucella, and rabbit lung. Figure 4 shows that all three DNA's fixed C', calf thymus DNA being the most reactive. Thus, either the antibodies are sufficiently reactive with the bases alone or D-ribose and 2-deoxy-D-ribose differ little in their antigenic specificity. To elucidate this point, deoxyribonucleotides and deoxyribonucleosides, ribonucleotides and ribonucleosides, the purine and pyrimidine bases, D-ribose and 2-deoxy-D-ribose were tested as inhibitors of C'-fixation between antiserum to yeast sRNA and purified yeast RNA. The results summarized in Table 1 show that the antibodies have specificity for the bases, thus accounting for their reactivity with DNA. However, the antigenic determinants probably include D-ribose as well, because inhibition was greater with the ribonucleotides than with the bases. In contrast, the free bases and the deoxyribonucleotides gave essentially the same degree of inhibition, indicating that D-ribose and 2-deoxy-D-ribose are antigenically different when associated with the bases. Buffer (baseline) 0 * One tenth ml antiserum (1 --100) was pretreated with the inhibitor (0.1 ml containing 50 jog) at 40C for 24 hr, followed by addition of 0.l ml C' (1 --40) and 0.1 ml yeast sRNA (1.6 Mg). The reaction mixture was kept at 40C for 20 hr, after which sensitized sheep erythrocytes were added. The hemolytic reaction was carried out at 370C for 45 min, and the extent of C'-fixation determined. t The 50 pg of inhibitors used gave essentially maximum levels of inhibition.
Summary.-RNA, like heat-denatured single-stranded DNA, functions as a hapten when injected into rabbits as a complex containing methylated bovine serum albumin (MBSA). Antiserum produced with MBSA-yeast-sRNA reacted with yeast sRNA, E. coli sRNA, a highly purified preparation of yeast sRNA, soluble RNA's from several rabbit tissues, synthetic polyuridylate, calf thymus DNA, Brucella DNA, and rabbit lung DNA. The broad range of cross-reactivity indicates that the antiserum is specific for purine-and pyrimidine-containing constituents of nucleic acids. More direct evidence was obtained through studies of the inhibition of C'-fixation between antiserum and yeast sRNA. Monoribonucleotides inhibited more than monodeoxyribonucleotides or purine and pyrimidine bases, indicating that the D-ribose contributes to the specificity. Since none of the inhibitors tested gave 100 per cent inhibition, it is likely that the specificity of the antiserum to yeast sRNA is for groups of ribonucleotides, probably in sequence. We have found a serious error in the molecular orbital calculation of pi-electron structure of chlorosubstituted anilides and phenylureas which we presented' in the May 1965 issue of these PROCEEDINGS. In performing the original calculation, we inadvertently interchanged the Coulomb integral (8) and the bond integral (-q) for chlorine (Table 1 , page 1120). This error invalidates all of our originally published results. We therefore retract the paper' in toto.
On performing the calculation with appropriate chlorine parameters (8 = 2.0, = 0.5), we found no correlation between the calculated properties and potency of the molecules as inhibitors of photosynthesis. In fact, the simple molecular orbital treatment, when correctly performed, gave results which were inconsistent with known chemical properties of the compounds. It is clear that this method is not adequate to treat these particular conjugated systems.
We wish to thank Professor Bernard Pullman for pointing out to us in a private communication that our original values for the HOMO seemed to be wrong. It was this communication which led us to discover our error.
